1922, 1923), Schwingenschuss & wagner (1925 Schwingenschuss & wagner ( ), and galvagni (1902 Schwingenschuss & wagner ( , 1909 . During the last few decades a multitude of faunistic papers were published covering both the coastal and mainland parts of Croatia. the Croatian islands in particular were the focus of many studies (withrington & Verovnik, 2008; withrington, 2008; koren, & bjelić, 2010; kučinić et al., 2010; Verovnik, 2011; koren et al., 2015a) . however, surprisingly little was published on the fauna of butterflies of northern Dalmatia, especially for the coastal part. records from few sites from the region were published by habeler (1976) and wiemers (1982) . Additional records come from the catalogue of the collection of former Croatian national zoological museum in Zagreb (mladinov, 1973, 1975) . A more comprehensive study was published on the fauna of the Zrmanja river (koren et al., 2011) , a neighbouring region to the surveyed area.
In order to fill the evident gap in the published records of butterflies in northern Dalmatia we have summarized almost two decades of observations and provide a discussior of the more interesting species, especially of those whose distribution reaches its northern limit in the studied region.
mAterIAl AND methODS
Northern Dalmatia stretches from the Silba, Olib, and Pag Islands in the northwest and as far south as Primošten (rogoznica Peninsula) in the southeast (magaš, 2013) . the coastal part is wide compared to other parts of Dalmatia with plains named 'ravni kotari' covering most of the region. these plains are mainly composed of flysch sedimentary rocks with brown soil suitable for agriculture. thg regions bordering o ravni kotari, as well as the neighbouring islands, are built of limestone. the coastal region of Fig. 1 . map of sampling locations where butterflies were surveyed in northern Dalmatia. the right corner map shows dislocated part of the survey area at Vrana lake.
Northern Dalmatia has a typical mediterranean climate with hot dry summers. the former eumediterranean evergreen vegetation of holm oak and Aleppo pine woods has been long degraded into secondary shrubs like garrigue or macchia, however most of northern Dalmatia is under cultivation with orchards and pastures (magaš, 2013) .
Altogether, 25 sites were visited in northern Dalmatia (see fig. 1 and the list below), those with butterfly-rich habitats, most of the localities on several occasions and in different seasons (see tab. 1). Prior to field surveys, google earth aerial photos were examined and potential sites were selected. butterflies were netted for identification and then released. butterflies of the genus Leptidea were not identified to species level, and were recorded as Leptidea sinapis/juvernica, although the presence of L. sinapis (linnaeus, 1758) is much more plausible in Dalmatia given the known distribution of L. juvernica (williams, 1946) (Dinca et al., 2011) . the genitalia of Hipparchia spp. were checked according to lafranchis (2004), without harming the butterflies. Determination of Melitaea phoebe ([Denis & Schiffermüller] , 1775) and M. ornata Christoph, 1893 was based on external characteristics only (wing patterns, shape of the distal part of the antennae) (tóth & Varga, 2011) . Nomenclature follows the fauna europaea list of european butterflies (fauna europaea, 2015) . the surveyed localities are:
1. Pirovac, at a spring near the main road just S of the town; 43°49'1.35"N, 15°41'7.39"e; maquis, flowery road verges. 2. Vrana, below rocky slopes at a strong spring e of the village; 43°57'32.92"N, 15°33'11.73"e; abandoned grasslands, wet sands along the road, rocky and bushy slopes. 3. karin, bijelina Valley, middle part; 44°7'57.33"N, 15°38'54.38"e; dry stream bed, bushes, dry rocky grasslands. 4. karin, karišnica Valley, middle part; 44°7'13.15"N, 15°37'43.30"e; dry river bed, abandoned dry grasslands, path through mixed woods. 5. Novigrad, Pridraga, side road at the entrance to the gorge Ne of the village; 44°10'14.14"N, 15°33'29.18"e; hay meadows, hedges, orchards 6. Novigrad, along the road to Posedarje near the turn for Podgradina; 44°11'15.20"N, 15°29'39. 04"e; small rocky gully, partially overgrown grasslands 7. Posedarje, slope above the road to Novigrad S of the town; 44°11.977'N, 15°28.746'e, dry rocky grasslands partially overgrown with juniper bushes, small gully with overgrown grassland. 8. Vrsi, Jasenovo, on the grudina Peninsula; 44°17'05.30"N, 15°13'14.70"e; rocky pastures. 9. Vrsi, Jasenovo, surroundings of a small church; 44°16'45.71"N, 15°13'16.52"e; dry rocky pastures, hay meadows, abandoned fields. 10. Petrčani, above Punta Skala resort; 44°11'32.65"N, 15°9'9.01"e; maquis, small grassy and rocky patches along paths. 11. Nin, slopes S of the small valley of the miljašića river; 44°14'2.80"N, 15°12'38.91"e; dry rocky grasslands with small gullies, humid hay meadows in the valley. 12. Nin, Ninska laguna, Sw edge of the lagoon; 44°14'50.35"N, 15°10'32.50"e; salty marshes, dry grasslands. 13. Privlaka, Sabunike, sandy beach southeast of the village; 44°15'13.82"N, 15°10'8.76"e; partially overgrown sandy areas, bushes. 14. Privlaka, small peninsula S of batalaža; 44°15'5.42"N, 15°7'34.12 (Šašić & mihoci, 2011; koren & Štih, 2013; koren et al., 2013a, 2013b) . the systematic list along with the presence on each locality is shown in tab 1.
Tab. 1. list of recorded butterfly species from northern Dalmatia. localities are numbered as in the methods section. Observation dates are given in brackets following each locality. If a species was seen more than three times at one locality only the first and the last date of the observation are given. 2004 , 5.VI.2010 ), 3 (26.VIII.2009 -19.IX.2015 ), 4 (19.VIII.2007 , 24.VIII.2012 ), 7 (3.V.2013 , 21.VIII.2014 ), 9 (27.IV.2008 ), 10 (13.VIII.2001 , 15.VIII.2007 , 10.VIII.2011 ), 11 (28.IV.2008 , 17.VIII.2008 ), 14 (11.VIII.2005 -15.VIII.2015 ), 18 (7.V.2015 Carcharodus floccifera (Zeller, 1847) It is important to note that the majority of these species were observed on limestone outcrops neighbouring the karin and Novigrad Sea where several small gullies and valleys represent the most butterfly-rich habitats in the region.
According to the red Data list of Croatian butterflies (Šašić et al., 2013) II and IV (Anonymus, 1992) .
the highest diversity was recorded in the bijelina Valley (64 species) and in nearby karišnica Valley (53). the batalaža Peninsula at Privlaka has the third largest recorded diversity (46 species), but has been oversampled compared to other localities as it is the summer residence of the first and the last author. In terms of presence of threatened species bijelina Valley stands out with 11 recorded species ( fig. 2 ).
DISCuSSION
Compared to neighbouring regions, in particularly Zrmanja river (104 species) and Velebit mts. (137 species), northern Dalmatia has a more depauperate butterfly fauna Fig. 2 . butterfly diversity and distribution of threatened species at ten most species rich localities in northern Dalmatia. (mihoci et al., 2007; koren et al., 2011) . however, the fauna is still richer than on the neighbouring large islands: Pag (54 species), Pašman (50 species), ugljan (43 species), and Dugi otok (47 species) (withrington & Verovnik, 2008; Verovnik, 2011 . the majority of these species were observed further south from Vrana lake and Pirovac, beyond the surveyed region. the latter two species are likely to be observed in the more wooded karin region, while Pyrgus sidae is extremely rare in Croatia with recent records only from the mountains in the Dalmatian hinterland (tvrtković et al., 2012; koren & lauš, Among the species observed, several are rare in Croatia or reach their northern limit of distribution in the surveyed region and require further comments:
Carcharodus orientalis Reverdin, 1913
Due to its similarity to Carcharodus floccifera, not much is known about its distribution in Croatia. Differences in male genitalia and the distinctive tuft of dark hair on the forewing underside are useful for identification (lafranchis, 2004; tolman & lewington, 2008) . It was first mentioned for Croatia by Stauder (1923) for the surroundings of Split as Carcharodus baeticus (rambur, 1842) . Although listed as present in Croatia (lorković, 2009; Šašić et al., 2011) recent records of this species in Croatia are very scarce, with only a single recent record, from the island Vis (withrington & Verovnik, 2008) . we have observed the species repeatedly in karišnica and bijelina Valley near karin where it possibly flies in three generations with fresh males observed also in September. we found the species once also at a strong spring e of the Vrana village on wet sands along the stream. the butterflies seem to prefer hot rocky sheltered places and males are typically territorial, perching on dry stems along dry riverbeds or paths. At bijelina valley the species co-occurs with its close relative C. floccifera. It is difficult to judge if these records represent the northern limit of C. orientalis distribution along the Adriatic coast, as historical records also exist from the northernmost Adriatic, from trieste (Stauder, 1923) .
Gegenes pumilio (Hoffmannsegg, 1804)
Another rare species in Dalmatia with only a handful of published records (lorković, 1971; Verovnik, 2011; koren et al., 2015a) . until lorković's study all Gegenes records were automatically assigned to the closely related G. nostrodamus (fabricius, 1793) (Stauder, 1923; burgermeister, 1964) including the record form Pag Island (mladinov, 1965) ; however, this species is extremely rare in Dalmatia and possibly limited to the souther- nmost part of Croatia (lorković, 1971) . Our observations are in line with records from the neighbouring islands of Vir (koren et al., 2015a) and Pašman (Verovnik, 2011) where the species was recorded at singular sites. the species was common in the middle part of the karišnica valley in August 2007, but otherwise only single specimens were observed at Vrana, Petrčani and Privlaka. this implies that the species is only an occasional vagrant in northern Dalmatia with no permanent colonies. the currently known northern limit of the species is at mala Paklenica Valley at Starigrad where we found it in August 2007. It is possible that the record of G. nostrodamus from Pag Island (mladinov, 1967) also refers to G. pumilio, as it was recorded at the time when G. pumilio was not considered present in Dalmatia (lorković, 1971) .
Euchloe ausonia (Hübner, [1804] ) the species reaches its northern limit of distribution on Pag Island (Zakšek, 2005) . It has also been recorded at two sites along the Zrmanja river (koren et al., 2011) , so the new locality at Posedarje on the shores of Novigrad Sea provides a link between the two known distribution regions.
Cacyreus marshalli Butler, 1898
this non-native butterfly species only recently invaded the Croatian coast (Verovnik & kosmač, 2009 ) and has been recorded also from several islands (kučinić et al., 2013; koren et al., 2014; koren et al., 2015a) . In northern Dalmatia it was first observed in Privlaka on geraniums in gardens in 2011. In 2014 a single specimen was found in maquis bordering Punta Skala resort near Petrčani. Despite the general trend of expansion in Croatia the species is by no means widespread or common in northern Dalmatia.
Tarucus balkanica (Freyer, 1793)
According to historical records the species was known from northern Dalmatia in Zadar and biograd (mladinov, 1973), Pakoštane (habeler, 1976) and also further north at Starigrad (lorković, 2009). we confirm the latter record, as several adults have been observed along the trail in mala Paklenica Valley in August 2007 and 2010. In northern Dalmatia the species is confined to limestone areas and it flies in sheltered rocky gullies. In bijelina Valley near karin the species can be numerous in August, whereas in other localities (karišnica Valley, miljašića Valley, Novigrad) only single specimens were observed. the species was recently found also in the neighbouring Zrmanja river region (koren et al., 2011) .
Polyommatus thersites (Cantener, 1835)
the species is rare in Croatia (mihoci & Šašić, 2006) with few records also from the Dalmatian hinterland (hafner, 1994, tvrtković et al., 2012) and in the Zrmanja valley (koren et al., 2011) . So far only two males were observed in the bijelina Valley near karin in June 2010, comprising the only records for the species in Northern Dalmatia.
Euphydryas aurinia (Rottemburg, 1775)
this is the only habitats Directive species (Anon., 1992) present in the surveyed region. It has been known from Zadar from the material in the collection of the Croatian national zoological museum in Zagreb (mladinov, 1973) , the record confirmed also by habeler (1976) . recently there are several records from the surroundings of benkovac, and the area is included in the Natura 2000 site benkovac (hr2001218) (Šašić-kljajo & mihoci, 2009) . the adults from this region are large and brightly coloured possibly belonging to f. provincialis (Stauder, 1922) . Although we found the species in large numbers in wet meadows and neighbouring dry grasslands with rich flowering in miljašića Valley, no specimens were seen after 2008. the evident decline was possibly caused by abandonment and overgrowth of the meadows. Since it is still common and abundant at localities near ljubač, Vrsi and Žerava, this part of northern Dalmatia could qualify as a Natura 2000 site for the species. the species was found also on Vir Island just across the bridge from the mainland locality (koren et al., 2015) .
Hyponephele lupina (Costa, 1836)
Due to its similarity with the more widespread Hyponephele lycaon rottemburg, 1775 this species was commonly overlooked in the past surveys. however, both species are rare in Croatia with H. lycaon more widely distributed at higher altitudes (mihoci et al., 2007; lorković, 2009; tvrtković et al., 2012) . Only single females of the species were observed, on two occasions in August 2007 in karišnica Valley, relatively close to the known localities in the Zrmanja Valley (koren et al., 2011) . because the valley was already considerably overgrown at that time there is hardly any chance the species has survived at that locality.
Proterebia afra (Fabricius, 1787)
this is an emblematic species for the Dalmatian butterfly fauna which has been well studied in the last decade (mihoci & Šašić, 2007; koren et al., 2010) . the species is much more widespread than was previously known and is reported to be common also from the Zrmanja Valley (koren et al., 2011) . we found it on slopes above the Novigrad Sea near Posedarje and at Jovići village which geographically closes the gap between the localities known in the Zrmanja river region and those from Pag Island (Zakšek, 2005) . It was recorded also in the karišnica and the bijelina Valley near karin, but in low densities. On 25.4.2015 we found the species at two additional sites north of Posedarje: 1. Posedarje, at the Nw edge of the town near the highway exit; 44°13'13.88"N, 15°27'12.36"e. 2. gronja Slivnica, rocky pastures N of the village; 44°14'42.78"N, 15°26'14.39"e.
Melanargia larissa (Geyer, 1828)
the species is locally distributed along most of the Croatian coast from rijeka to gruž, but with large gaps (Stauder, 1922; lorković, 2009) . the species is rarely mentioned in recent reports (tvrtković et al., 2012; koren et al., 2015b) and has not been recorded from the Velebit mts in a recent study (mihoci et al., 2007) . It is however widespread on krk Island further north (habeler, 2003) . we found it on rocky and grassy slopes along the bijelina Valley in low densities. the species is not listed for the Zrmanja river region (koren et al., 2011 ), but we did record it there at the krupa spring in August 2015.
Although northern Dalmatia is not particularly important for butterfly conservation, there are some sites that host a large variety of species ( fig. 2) , including several species listed in the national red list (Šašić et al., 2013) . Such sites, suitable for butterfly micro-reserves, are the bijelina and karišnica valleys. these valleys and the majority of other visited localities are in urgent need of management, as abandonment resulting in the overgrowing of open grasslands is already reducing the butterfly diversity and is in particu-larly threatening to rare and local habitat specialist species. Another threat, more evident in coastal areas, is the destruction of habitats due to the building of infrastructure and the extension of urban areas. the only large stretch of maquis left in northern Dalmatia at Petrčani that has been recently reduced due to thed building of a tourist resort is a good example. we hope that our contribution will generate further studies in the region and provide additional background information for conservation of butterflies in Dalmatia.
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